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Abstract: As the complexity of power delivery network in modern VLSI, the on-chip measurement of the noise power spectrum of

each power domain becomes more meaningful. The difficulty of the on-chip power supply noise measurement is mainly to measure

the noise in a very wide frequency range with high accuracy under the condition of small area and power consumption overhead.

This paper introduces the principle of measuring the power supply noise spectrum based on the autocorrelation, and summarizes the

main circuit techniques currently used for power supply noise measurement, and discusses the advantages and disadvantages of relat-

ed structures, which provides a useful reference for VLSI designers.

Key words:; power supply noise ; power delivery network ; power spectrum measurement ; autocorrelation

0
(SoC) .
b b
o b
N b
9
o ’ b
b
o b
, (PSN) ,
o
PSN [1-41
[5-9]
9
* : (62090041,61761136015,61534002,61904027) ;
(2018B030339001)

30 —www.ChinaAET.com

PSN

PSN
100 GHz
(ADC) .

http://www.chinaaet.com

[4]

, PSN

[6]

[10]

DC



http://www.chinaaet.com

SR 51Fie

R(7)
R(7)=E[x(nTs)x(nTs+7)]
X(t) , TS n
' (]
x(1) ’
T 0 x(t) R(7)
k() x(1) O
T , -
: (Nyquist)
T C
2
’ Nyquist
T 9
Ls ° Nyquist
! 25 ps,
, Ts 10 ns~1 ws .
1
THFADC
EEiiES
R
7 BADC
T
I_"m-» SR SR
1
2.1
[6-7]

[5.8]
2 ’
(1) o
n
R(7), T o
I & A
FaN
. CLK, | —
, I
/ LT AN
h A h h
Do Dy Dy  Puvy
AN SR A
1
CLK, | ]
v
LA & S
T & M X,
20 GHz, 2
Ts
o 3 ,T
T Ty, N
, T 25 ps, T
T1+25 ps, N ,T
25 ps, s m o m
, Nyquist 20 GHz,
10 MHz, m 4000, N
7N b o
N N
A A
7 \ ‘27, 2ry, > 37

2.2
= (6]
, 4(a) o
X buffer
) (VCO) ., VCO

) 2021 47 8 — 31

http://www.chinaaet.com



SR 58

http://www.chinaaet.com

o VCO , 3.1 Dither  1-bit
, 5 Dither 1-bit
4(b) s Samp , R
’ TW]N o )
b VCO 9 ’ o
) ) Dlther 5
s VMEAS
Lu ijf) Vaao Digital
-|- 'ITI' . Counter ¥
+ T ‘
Vaag J- A 2 O
- Vs = i=1 3
Cnt_clk TN (Virer max=Vrer vin) (3)
:I: . Qi i 2 Vier uax
= @ Dither , V ke Dither
Samp N ° Ve v Vier  wax
= V]N o
(a)
Vi hy ——— - ———— =
Samp |
Veer VRer
Cnt_clk CIK
Digital
Digial l 0 l 1 x 2 l3 l4x 5 l sl 7x 8 x 9 lmlnlux o 11 lz Vieeraax
(h) . Vin —
4
Vrer+
T Dither Veer+Dither
WIN CIK
VCO Kyeo .
REF,MIN
1LSB=1/(TwynKyco) (2) ' .
, , Ko s 5 Dither 1-bit
T s Ty s Viy
3 Dither , Vix
PSN , o , [7]
o R(7) Dither  1-bit s
, (4) :
o , , R(7)=kE[Q4Qx] (4)
o Qli T ) QTi T ’ k
Vier uax= Ve vin o
s SoC 3.2 Dither 1-bit VCO
° s [7] 6 PSN Dither 1-bit
Dither , VCO 7,
) o Dither .
s VCO s
s VCO
VCO

32 —www.ChinaAET.com )
http://www.chinaaet.com



http://www.chinaaet.com

SR 51Fie

VY
D Q
A\
VC-O\ 7o ™ 0
AN
6 Dither 1-bit VCO
) TDelu)
“pe “0” . VCO ’
, « 1 ” PSN
5 ,VCO
VCO ,
, Dither
s Dither ; VCO
VCO ,

’

Dither R

[1] HO R,AMRUTUR B,MAI K,et al.Applications of on—chip
samplers for test and measurement of integrated circuits[C]//
Symp VLSI Circ, Honolulu , HI, USA.1998 : 138-139.

[2] TAKAMIYA M, MIZUNO M ,NAKAMURA K.An on-chip
100 GHz-sampling rate 8—channel sampling oscilloscope
with embedded sampling clock generator[C]//IEEE ISSCC.
San Francisco, CA , USA.2002 : 182-458.

[3] WANG X,ZHANG D,SU D,et al.A novel peak power

supply noise measurement and adaptation system for integ—

rated circuits[J].IEEE Trans. VLSI Syst,2016,24(5):1715-

1727.

MUHTAROGLU A, TAYLOR G,ARABI R T.On-die droop

detector for analog sensing of power supply noise [J].IEEE

J Sol Sta Circ,2004,39(4):651-660.

[5] HSUEH T,OMAHONY F,MANSURI M.An on-die all-

—_
~

H S0V OO0 000000000 0000000000000 000000000000

( 29 )
L2020, 16(21): 173-174.

(2] . [J].
,2020(9) ; 142-143.

(3] . [J1.
( ),2019(14):25-27.

[4] DONG G G,LIU H W,KUANG G Y ,et al.Target recogni—
tion in SAR images via sparse representation in the frequ-—
ency domain[]J].Pattern Recognition , 2019 ,96, 106972.

[S] ZHANG Z Q,LIU H,MENG Z J,et al.Deep learning—based
automatic recognition network of agricultural machinery
images|J].Computers and Electronics in Agriculture ,2019,
166, 104978.

[6] , . [J].

,2017,38(6):90-94.

7 (1.
,2019,26(8):69-70.
8] . : 1],
,2019,3(11):111-112, 114.
[9]
[J]. ,2019(7):7-8.
[10] , :

( 38 )
[J1. ,2020 ,41(4) ;
149-153.
(1] R .
[J]. ,2018,27(8):193-197.
[12] : [1].
,2019(9): 201 ,203.
[13] , . J1-
,2011,21(10): 140-142 , 146.
[14] ,
[J]. ,2020,28(1):4-8.
[15] . 1. ,2015,
11(2): 171 ,175.
[16] , , .o .
[J]. ,
2018, 32(2): 69-80.
( :2020-12-20)
(1996-), ,
(1967-), , ,
EFP . .

) 2021 47 8

http://www.chinaaet.com



ANLE&E

http://www.chinaaet.com

6%, 5.4%

[1] OHLSON J A.Financial ratios and the probabilistic prediction
of bankruptey[J].Journal of Accounting Research, 1980(18):
109-131.

[2] Zou Hui,HASTIE T.Regularization and variable selection via
the elastic net[J].Journal of the Royal Statistical Society :
Series B(Statistical Methodology), 2005, 67(2):301-320.

[3] , , . [J].
,2019,35(2):13-16.
[4] . [D].
: ,2011.
[5] BREIMAN L.Random forests|J].Machine Learning, 2001 ,45
(1):5-32.

[6] CHEN T, GUESTRIN C.Xgboost:a scalable tree Boosting
system[C]//Proceedings of the 22nd Acm Sigkdd International
Conference on Knowledge Discovery and Data Mining. ACM ,
2016 :785-794.

[7] ) , , XGBoost
[J]. ,2019,45(4):55-59.
[8] , , .
[J]. ,2017,43(7):122-126.
(9] , J1.

,2012,31(4) : 689-706.

[10] , , .

[J]. ,2016,35(5) : 893-906.

[11] VEGANZONES D,SEVERIN E.An investigation of bank -
ruptcy prediction in imbalanced datasets[J].Decision Sup—
port Systems,2018(8):111-124.

[12] HE H, GARCIA E A.Learning from imbalanced data|lJ].
IEEE Transactions on Knowledge & Data Engineering,
2009,21(9):1263-1284.

[13] TAHIR M A,KITTLER J,MIKOLAJCZYK K,et al.A multiple
expert approach to the class imbalance problem using
inverse random under sampling[J].Multiple Classifier Systems,
Springer , 2009 (6) : 82-91.

[14] CHAWLA N V,BOWYER K W,HALL L. O,et al.SMOTE ;
synthetic minority over—sampling technique|J].Journal of
Artificial Intelligence Research,2011,16(1):321-357.

[15] WANG B,PINEAU J.Online Bagging and Boosting for
imbalanced data streams[]].IEEE Transactions on Knowl-
edge & Data Engineering,2016,28(12):3353-3366.

[16] Wang Chongren, Han Dongmei.Personal credit evaluation
of Internet credit based on hyperparameter optimization and
integrated learning[J].Statistics and Decision—Making ,
2019,35(1):89-93.

( :2020-12-23)

(1995-), , ,
(1969-), . ,
) : JE-
mail : jpliu@126.com
(1995-), , ,

K100 0L>0L0L>0L> 00> 000000000000 0L>0<>0L> 000000000000 0L>0> 0000

( 33 )

digital power supply noise analyzer with enhanced spectrum
measurements|[J].IEEE ] Sol Sta Circ,2015,50(7):1711-
1721.

[6] ALON E,STOJANOVIC V,HOROWITZ M.Circuits and
techniques for high—resolution measurement of on-chip
power supply noise[J].IEEE ] Sol Sta Circ,2005,40(4):
820-828.

[7] ALON E,ABRAMZON V ,NEZAMFAR B, et al.On-die
power supply noise measurement techniques|[J].IEEE Trans
AP, 2009,32(2):248-259.

[8] ZHAI P,ZHOU X,CAI Y, et al.A scalable 20 GHz on-die
power supply noise analyzer with compressed sensing[C]//

IEEE ISSCC.San Francisco, CA , USA.2020 :386-388.

38 —www.ChinaAET.com

[9] ZHAI P,ZHOU X,CAl Y ,et al.A multi-slice VCO-based
quantizer for on—chip power supply noise analysis achieving
0.11(mV)2/sqrt(MHz) noise floor|C]//IEEE ASSCC, Macau,
China , 2019 :121-122.

[10] NOURANI M, RADHKRISHNAN A.Power—supply noise in

SoCs : ATPG estimation and control[C]//IEEE Int conf
Test , Austin , TX.2005 : 507-516.
( :2020-12-17)

(1991-), .

(1987-), ; ,

(1979-), , , ,

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





